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pliod rrom bclou- ihc plunur hollow fiber modules Is 
used u> scrub the planar hi)llow fiber modules either 
continuoifsly tit inlcrmiUcnlly. and in which the 
module hollow fiber membranes are placed under 
imm- and In tvhich the rciaxaiioa ratio is 0-3%. 
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Detailed Descripiloa of the invention 
OOOi 

■ Industrial Field of Use 

This-invention relates lo UltcringmcthiKte 
using hollow fiber mcmbRine mixiulcs, and espe- 
cially pertains to fillcrSng mcthuds that use hqllmv 
fiber membrane modules to filter particularl) pnl- 
iuled liquii^. 
0002 
Prior Art 

IVpicatly, hollow fiber membrane modules ore 
used in a wide variety of precision nilcring lieids 
sudi as the production orslcrili/cd wulur. drinking 
water, and highly pure water, as well as in air 

purification. However, in recent jiairs these filters 
have been considcrctl Tor use in the treatmcni of 
highly polluted water in sccondao" and terthuy 
treatment In waste water praccsting plants and in 
cleaning tanlts for the scparaliiw of solids and 

netDUs. 

Since the bolimv libcr mcmbriinc modules 
used for these applications ore subject to a stgnilTcant , 
amount of clogging during filter processing, they are 
cleaned by blowing air onto and vibrating ihc hollow 
fiber membrane to clean the membrane surface, or 
the membrane surlace is ctcanud by repeatedly pass- 
ing process water in the rei'cise direction rnmi filter 
processing. 
0004 

However, (he hollow liber membrane modules 
used in these applications are mainly of the itibu- 
iar-type consisting «ri)undlcd tubular or aiticcniric 
hollow fiber membranes that have typically (bund 
uses in precision filtering uppficaiions. l-urthcrmore. 
even if these types were l« be improved, typically 
only the filling ratio or filHng shape of the hollmv 
fiber membrane is changed. 
0005 



l^biems Which the Inventlosi Is Intended to Re- 
solve 

When these types of prior art hollow fiber 
membrane modules arc u.scd lo filler process highly 
polluted water (fur example SS ^ SO ppm, TOC 3: 
too ppm). scdimcnis consisting of organic and other 
materials adhering during use lo the surfaces of Ihc 
hollow fiber membranes build up (adhere) between 
the hollow libcr membranes so that they functionally 
become one piece, thereby reducing the effective 
membrane surface an-'J of the hollow fiber mem- 
branes, resulting in a dramatic decrease in filter flow 
volume. 
0006 

Moreover, even when membrane surface of 
the hollow fiber membrane modules that have 
adhered together and become functionally one piece 
in Ibis way are periodieaily cleaned or backwashed. it 
is not an ea.sy matter for modules that have adhered 
together to recover their function, and their cleaning 
efTicicncy thus declines. 
O0O7 

One pnsposcd way ofsolving this problem is 
to use hniknv fiber membrane sheets in place of bun- 
dled hollow libcr membrane modules, with one end 
■ or both ends of the hollow fiber membranes main- 
tained in an open condition by one or two dilTerent 
fixation parts within the housing that install the hoi- 
tow fiber membrane so that the holhiw fiber mem- 
brane lixaliim parts are perpendicular in cross section, 
and arc in any ease clorfg^tcd and approximately 
rectangular in shape. 
0008 

litis is a module that is wcil-suilcd to the fil- 
tration of highly polluted water since it is' possible 
with this .sort of planar sheet hollow fiber membrane 
module Ut dispiVsc the h«tllmv fiber membranes so as 
to create spaces between the layers and to make the 
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inner and outer layers uniibrm. making ii pt>ssibSe io 
contral the kind ordeocasc in filter cnkieTicri ihal 
has been seen up until mm' when washing ihu mcm- 
bnme surfaces since U is cMamdy cosy m wusli (he 
hollow fiber membrane surfaces evenly. 
0009 

Neveilheless. by installing Ihc planar sheet 

surface of U>e hollow fiber mcmbntne module hori- 
zontally, relaxing and Hxing the hollow fiber mem- 
'brane, and by using air blown frtHn bclnw to scrub 
the membrane surfoce. air bubbles passing through 
the hollow fiber membrane sheet can cause bunching 
of the hollow fiber membrane anil can ki some extent 
cause'clumfrfngorthcbolknv fiber membrane. ronn> 
ing channels. Air bubbles can pass through these 
areas in a conueniruted fushion and can make it im' 
possible to perfonn ciricicnt membrane surface 
doming of the entire module. 
0010 

Moreover. Ii>- suiUcicntly relaxing in Ihc hoi- 
low fiber membrane ( for example, a relaxation ratio 
. of 5%), the hollow fiber membrane bcewmes buoyant 
and arches tn water when the planar holiaw fiber 
membrane module Lh inslallud I'urthcrmorc. the 
width ofvitmtion of the ht^How fiber membrane as a 
result of air scrubbing bm>mes larger. 
0011 

Therefore, among other problems that can 
occur, a substantial amount of stress buckling iKcurs 

in the area between the hardened potting resin area 
that fixes the hollow fiber "membrane galhcrwl area 
and the base areas of the individual hollow fiber 
membranes as a result of the substantial vibration 
applied to the hollow fiber membrane. As u result of 
a deterioration in the strength of the interface paft<;. 
cracks and breab occur in the hotlmv fiber mem- 
brane in between ihc hardened resin msa and the 
hollow fiber membrane, which tend destroy the 



module funclionaiiiy over short periods of use. 
0012 

The purpivse of this invention is to provide a 
filtering method using the .sheet-type planar hollow 
fiber membrane module of this invention, solving 
these pniblcms osstwiatcd with shcd-lypc planar 
hollow fiber membrane nuidules used to filter liquids, 
panicuiarly highly ps>i)uted water, and to permit cfTi- 
cient washing ofthc entire module that can be done 
in the context of a filtering method that us^ a 
shect-lypc planar hollow fiber membrane module, 
and in which damage Im the hollow fiber membrane 
docs not ix.-cur in tlw vicinity ofthc interface be- 
tween the hunlened potting resin area and the hollow 
fiber mcmhranc. 
0013 

Means of Solving the Problems 

The prcsem invention is principally a filtering 
method in which planar hollow fiber membrane 




.. wherein air supplied from 

below the planar h«>tlow fiber modules Is used to 
scrub ihc planar hollow fiber modules cither con- 
tinuously or intermittently, and in which the module 
hollow fiber membranes arc niaccd under tension. 
and in which the rcla.\aiim ratio Is 0-3%. 
0014 

The follmving detailed description ofthc in- 
vention is mask with refercnco to the drawings. Rg. 
! Is a perspective drawing of an example of a hollow 
liber membrane supporting method for the filtering 
method of the present invention using a sheci-t^ 
planar hollow fiber membrane in which the sheet 
surfaco is hori>9untal in a lank or can, the modules are 
installed without applying tension to the hollow fi- 
bers, and three modules arc layered from top to bot- 
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lom. 

mis 

Fig. 2 is a pcrspcciive drawing of an example 
using (he support mcihod shown in Fig. I . Here, 
the Ihree modules are installed ami layered one above 
the other, and the lengthwise direction or (he hollow ' 
fiben of the central module runs perpendicular u> the 
lengthwise hollow fibers oflhc adjoining modules, in 
the drawing. I is a w^icruilluciion pipe 2 is ti hol- 
low fiber membrsnc. 3 is a hollow fiber membrane 
binder cc^ part. 4 is un air difluscr plate. 
0016 

The planar hollow libcr modules used in iJ)is 
invenUon arc hqllyvf fihcr mcmbmney arra>yd ap; 

prosimatelv in parallel in the form of sheets which 
are hollow fiber membranes 2 that are installed and 
maintained .at one end or both ends in an open condi- 
tion by means of polling resin, and the hollou liber 
membrane 2 opening.^ puss through the collector 
pipe. 
0017 

The hoilow llbvr membrane 2 need not lie 
limited to being connected in an opened slate un one 
side to the collector pipe I. and may jusl as \\x*ll be 
cwinccted and maintained on bi>lh sides in an opened 
state with water collection pipes on both ends, 'ilius. 
it does not matter ifthc hollow libcr membrane 
binder part 3 is a wala eollcction pipe in buih draw- 
ings. 
0018 

Tlie hollow fiber membranes 2 should be icn- 
.sioncd as much as possible when the modules are 
installed, and the relaxaiion ratio of the hollow libers 
must be 0~3%. and preilfably between 0- 1 %. 
Since the hollow libers arc not ull oi'unirorm length, 
il would be difficuli in practice to hold the hollow 
fibers fixedly In a completely tcnsioncd slate. 
However, there is no impediment to obtaining the 
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elTect ifthc relaxation ratio of the hollow fibers is 
'under 3%. and preferably under 1% in the installed 
state. 
0019 

A variety of methods may be used to install 
the modules in tanks and cans, including stands, 
clamps, and dedicated IT.vtures used to tlx the mod- 
ules, but any inslaliulion niclh«xl may be used as long 
as the modules do mM. move when performing air 
scrubbing or other opcralion.<s. 
0020 

'ilie air difluser plate 4 is used for air scrub- 
bing, but any type may be used as lung as the air 
bubbles reach cvcr>' part of the mtxlulcs. Therefore, 
although the drawing sWvs on air diiTuser plate, il is 
equally acceptable to use air dirfusers consisting of 
perforated pipe or of porous material. 
0021 

The air dilfu.scr plate or air diflliser pipe is 
connected U) a blower and membrane surface clean- 
ing is elTeeled 1^ continiNnisly or intermittently run- 
liing the blower during filtering. 
0022 

When building up a plurality of modules in 
layers Ihsm top ki bottom, such methods as shown in 
Fig. I. whcncin the hoilow fiber membranes arc ori- 
ented parallel to each other, or as in Fig. 2, wherein 
the hollow fiber membranes ore layered so that in 
their lengthwise directions they intersect one another 
perpcndieularl}^ etc. Moreover, although it is de- 
sirable to make the can or processing lank as com- 
pact as possible by reducing the spacing in between 
the adjoining moduict>. module spacing can be de- 
tefmincd on thi: basi-s of the number of modules, air 
scruMting cnndiliuns.' and other parameters. 
0023 

Such materials as cellulose fiber, polyolefin 
fiber, polyvinyl alcohol fiber. f>h4MA fiber, polysul- 
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tone fiber may be used !i»r the hollow fiber mem- 
brane 2. but such maicriuls as polyprofj^lenc. with lis 
high elasticity, arc panicularly desirable. 

0024 , 

. Although thcfv arc no limitations on the fil- 
tcrlng membrane, as long as the mcmbronc can be 
used, in terms ofholc srie. pcirosily. membrane, 
thickness, outer diameter, etc.. if one considers the 
mater{al(s) to be rcmovcJ. ensuring membrane sur- 
face area to volume, and the strength of the htillow 
fiber membrane, among oiheis. ranges hisle di- 
ameters ofCOI-I fim. porosity of 2CK90%. mem- 
brane thiclenesses'or5>3(M) (im. and outer diameter 
or20-2000 )im can be suggeslcd. 
0023 

Moreover, it is noecssaiy lor the hole diame- 
ters to be less than 2 ^In if the goal is to rvmovc bac- 
toia, and if ihegnai i.s lo remove organic materials 
and viruses there may be Itracs «vhen ultraflltnition of 
from several tens orihuu.sands molecular w-dght to 
several hundreds nflhousands molecular wei^l 
fraclioning is used. 
.0026 

In terms of the .surface char^ctcristies ofthc 
hollow Hber memtranc. it is prvfcrable thai the sur- 
face of (he hollow nbcr membrane hold polymers 
such as saponified ethylene vinyl acetate a»pt>!ymers 
$0 thai the surface ofthc hollow Hber membrane has 
^hydrophiilc properties, and is a sn-callod permanent 
hydrophillc membrane. Ifthc hollow fiber mem- 
brane is hydrophobic, a hjilrophubic elled takes 
place between Ihc organic materials in the pniccss 
water and the surface ofthc hollow fiber membrane 
organic materials adhere lo the membrane surface, 
resulting In blockage of the membrane surface and 
reduced liiter service life. 
0027 

It is usually difficult to recover filtering pcr- 



fomnsna: by washing a membrane surface that has 
become clogged by adhcsitms. By using a permanent 
hydroi^ilic membrane, it is possible to reduce the 
hydrophobic effect between organic compounds and 
the hollow nbur membrane surface, thereby control- 
ling the amount adhesion oforganlc materials. 
0028 

Oper»tl«ffi of the Inventbn 

When nituring is performed with the .sheet 
surface ofthc mudule put in a horizontal position and 
the module fixed in place, the hollow fiber mem- 
brane is placed in a Icnsiuned condition without bf- 
ing relaxed. It becomes hard for the membranes to 
converge witli one amithcr or for clumps ofadhe- 
sions to form, and it also makes unlikely the forma- 
tion ofchanncls during air scrubbing from below. 
Therefore, air bubbles arc apt to make contact evenly 
over the entlix> hollmv fiber membrane within the 
module, and cleaning ofthc membrane surface 
throughout the entire module can be performed efli- 
ciently. - 
0029 

Since the hollow fiber membranes arc len- 

sioned. Ihc amount of buckling due to stress of the 
hardened potting resin ureas that fi.x the hollow fiber 
membrane binder edge part or of Ihc individual base 
parts ofthc hollow llhcr membranes can be reduced 
since the width of vibration of ihc hollow Hbcr < 
membranes ivmains ctmtroiled and the hollow liber 
membranes do not become arc-shaped even ifthc 
hollow fiber membranui pick up buoyancy. 
0030 

When the sheet surfaces ore placed horizon- 
tally with the hollow fiber membranes placed under 
tension and the nuxJules installed, and a plurality of 
modules arc disposed in layers in a can or tank, by 
layering and afllsing the modules so that in their 
lengthwise directions the adjacent modules intersect 
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one another perpendicularly. Ihc channels formed by 
air bubbles to a certain exteni can be climiriatcd by 
the module diiectly underneath, thereby making it 
easier for the ^r bubbles to maltc cuntaci with the 
various modules unirormly. 
0031 

Embodiments 

AspeciHc explanation of this invention will 
made with reference to the follmving embodiment. 
Embodiment t. Comparative Example I 

A comparison of dincrcntial pressure rise 
during filtering operations due to difTcrenccs in the 
relaxation ratio at limu ofnHvkite instaitation was 
peribrmed using a planar hnlluw fiber memhhinc 
module having a membrane surface area ol'S m" 
comprised of polyethylene hollmv liber mcmbnmc 
holding on its surface saponitkd ethylene vinyl ace- 
tate copolymers. The module was installed so that the 
sheet surface was horiTimlal within the lank and was 
supported. The Unk was filled with ivater in which 
200 ppm ofyeasl was placed in suspension, and this 
water was-uscd as the raw water uptrn which to per- 
form nitration. I'or ihc iiltralim mclhtxf. Ihc mod- 
ulo was completely immersed in the raw water, 'fhc 
iniel of a pump was attached to the water collection 
pipe aiid nitration was pcrfornied using the pump's 
suction. 
0032 

The pump's How rate was .set ai a llxcd 330 
rnVmin (LV = 0.0099 m/h). and u single cycle cot>- 
sisled of filtering for 5 minutes, then 5 minutes oil' 
(stopping the pump). Air bubble cleaning was per- 
formed with a continuous slnam of air at 35 Nl/min 
from below the sheet surface during operationthoth 
during nitration and when nitration was .stopped). 
Filtering was performed both with a module having a 
relaxation ratio of 0.5% when supported and with a 
comparative example ha\'ing a reta.<«ition ratio of 4%. 



0033 

I'ig. 3 graphically shows the difTcrential pres- 
sure {suction pnssurc) behavior of modules sup- 

ported in a lank w'nh these dilTcrenS relaxation ratios 
when operated under ihu ctmdilioni outlined above. 
!l is dear Ihot the rise in dillercntia! prci^rc was 
CQntroHod more with a rjilajiallftft ratio of 0.5% rather 
than one with a tvla.xalion ratio of 4%. thereby mak- 
ing it possible to maintain .sinbic nitcring. 
0034 

EITcctor the invention 

When air scrubbing is pcrfonned continuously 
or tntcfmilienUy during filtering operations in Hltcr- 
ing methods using planar hollow fiber membrane 
modules of this invention, the air reaches the entire 
hollow fiber membrane of the module, and cleaning 
efTicicncy is incnK)!M.*d. 
0035 

Cleaning cllieicncy is increased and it is pos- 
sible to maintain a high level of llitcring How volume 
over long periods of lime particolariy in the case of 
highly polluted water. Moreover, the amount of 
stress concentrated on the interface between the 
hardened poUing resin area and the hollow fiber 
membrane can be reduced and damage to the hollow 
nbcr membrane ctmtitillcd. 

Brief Description of the Drawings 

Fig. I Perspective drawing showing an exam- 

ple ofa method ol" supporting hollow 
fiijcr membrane mixiules in the context 
of the nitcring method using the 
.sheet-type planar hollow fiber mem- 
brane module of this inventioAr 

Rg.2 I'crspectivc drawing showing an exam- 
ple ofa method ofsupporting hollow 
liber membrane modules In the context 
■ of the nitcring method using the 
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sheeHype planar hollow fiber mem- 
brane module ofthis Invcntkm 
Fig. 3 Graph shmving the dilTercnliai pressure 
bebaviur or hollow nbermembrunc 
• modules having 03% and 4% rciaxa. 
tion ralHw under cnndittuns ofcon- 
linuous littering operation 

DescriptiM of Symbols 

1 Water collection pipe 

2 Hollow fiber membrane 

3 Hollow fiber membrane binder edge part 

4 Air dlffliscr plate. 



Figs. 1 and 2: fcaptitm I Air fram blower 
F?g,3 Ix-axisI l)aj-s oftiperalion (days) 
[captions in graph:) Relaxation nue 4% 
RelaxBilon rale 0.5% 
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